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REMARKS 

The Claims 

Claims 26-44 have been cancelled without prejudice or disclaimer and new claims 45-70 have 
been added. 

New Claim 45 recites a method of treating cancer comprising administering to a patient in need 
thereof an anti-neoplastic therapeutic agent conjugated to a monoclonal antibody or fragment thereof 
which binds a human stem cell factor receptor and inhibits binding of human stem cell factor to the 
receptor. Support for Claim 45 is found in the specification at p. 17, line 25 to p. 18, line 9 and p. 19, lines 
3-16. 

New Claims 46-58 correspond to claims which have been previously presented. 

New Claims 59-62 are directed to antibody compositions and find support in the specification at p. 
22, lines 2-13. 

New Claims 63-68 are directed to anti-neoplastic therapeutic agents selected from one or more of 
a radioisotope, a toxin, an antitumor drug, an antibiotic, and a cytostatic drug. These claims and find 
support in the specification at p. 18, lines 9-14 and p. 38, line 6 to p. 39, line 25. 

New Claims 69 and 70 are directed to a cancer which is a solid tumor or leukemia. Support for 
these claims is found at p. 38, lines 3-7. 

Rejections under 35 U.S.C. 112 

Claims 26-44 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite. 

Claim 26 is alleged to be indefinite because it is unclear whether the receptor-containing cells are 
cancerous. It is believed that the rejection has been overcome as Claim 26 has been cancelled and new 
Claim 45 recites a method of treating cancer in a patient "in need thereof. 

Claim 32 is alleged to be indefinite for recitation of the term "essentially indefinitely". The rejection 
is moot as Claim 32 has been cancelled. 
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Claim 44 is alleged to be indefinite as it is unclear what substances are encompassed by the term 
'Tween". It is believed that the rejection is overcome as Claim 44 has been cancelled and new Claim 62 
recites a "detergent" . 

Claims 26-44 are rejected under 35 U.S.C. 112, first paragraph, for failing to comply with the 
written description requirement. The Examiner alleges that there is not adequate written description in the 
specification for separate chemotherapeutic agents and the antibody. Without acquiescing to the rejection 
and solely to advance prosecution, Applicants have cancelled Claims 26-44 thereby rendering the rejection 
moot. 

Claims 26-44 are rejected under 35 U.S.C. 112, first paragraph, for failing to comply with the 
written description requirement. The Examiner alleges that there is not adequate written description in the 
specification for "a receptor recognized by human stem cell factor". Without acquiescing to the rejection 
and solely to advance prosecution, Applicants have cancelled Claims 26-44 thereby rendering the rejection 
moot. 

Claim 27 is rejected under 35 U.S.C. 112, first paragraph, for failing to comply with the written 
description requirement. The Examiner alleges that there is not adequate written description in the 
specification for "an epitope" recognized by the antibody produced by the hybridoma cell line HB 10716. It 
is argued that the specification does not disclose "what linear residues or region or what combinations of 
residues would make up the amino acids in the epitope for the antibody to bind to." 

Without acquiescing to the rejection and solely to advance prosecution, Applicants have cancelled 
Claim 27 thereby rendering the rejection moot. New Claim 45 is directed to a method of treating cancer by 
administering an anti-neoplastic therapeutic agent conjugated to a monoclonal antibody or fragment 
thereof wherein the monoclonal antibody or fragment binds to a human stem cell factor receptor and 
inhibits stem cell factor binding to the receptor. 

Claims 26-44 are rejected under 35 U.S.C. 1 1 2, first paragraph, for failing to enable any person 
skilled in the art to make and use the invention commensurate in scope with the claims. The Examiner 
alleges that specification does not reasonably provide enablement for a method of treating any cancer or 
any cell that has any receptor recognized by stem cell factor and argues that carrying out the invention as 
claimed would require undue experimentation (citing Ex parte Forman 230 USPQ 546 (BPA1 1986)). 
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Without acquiescing to the rejection and solely to advance prosecution, Applicants have cancelled 
Claims 26-44. New Claim 45 is directed to a method of treating cancer by administering an anti-neoplastic 
therapeutic agent conjugated to a monoclonal antibody or fragment thereof wherein the monoclonal 
antibody or fragment thereof binds to a human stem cell factor receptor and inhibits stem cell factor binding 
to the receptor. It would not require undue experimentation to identify those antibodies which could be 
administered to a patient. For example, one skilled in the art could readily carry out a competition binding 
experiment such as that described in Example 4 to determine whether a given antibody inhibits binding of 
stem cell factor to a human stem cell factor receptor. With these antibodies in hand, one skilled in the art 
could readily introduce an anti-neoplastic therapeutic agent by conjugation using any number of publicly 
available methods. 

The Examiner cites publications by Curti (Crit. Review in Oncology/Hematology 14, 29-39 (1993)) 
and Jain (Scientific American 271, 58-65 (1994)) to support the position that treating tumors using 
chemotherapeutic agents and antibodies has met with limited success and presents significant technical 
hurdles. While the development of a treatment for a disease can certainly meet with hurdles and setbacks, 
there is nothing in the publications cited by the Examiner to suggest that treating cancer with the claimed 
antibodies would entail undue experimentation. The specification teaches various antibodies and anti- 
neoplastic therapeutic agents one may use and discloses that certain cancers, such as solid tumors and 
leukemia, are amenable to treatment using the claimed antibodies. For example, the presence of human 
stem cell factor receptors on certain tumor cell lines, such as OCIM1, a human erythroleukemia cell lines, 
teaches one skilled in the art that leukemia could be treated using the claimed antibody conjuates. 

Rejection under 35 U.S.C. 103 

Claims 26 and 29-44 are rejected under 35 U.S.C. 103(a) as being obvious over Gadd et al. 
(Leukemia Res. 9, 1329-1336 (1985)) as evidenced by Broudv et al. (Blood 79, 338-346 (1992)) and 
further in view of Cambareri et al . (Leukemia Res. 12, 929-939 (1988)), Hara et al . (Proc. Natl. Acad. Sci. 
84, 3390-3394 (1987)), Riechmann et al . (Nature 332, 323-327 (1988)) and Bvars et al . (Vaccine 5, 223- 
228 (1987)). The Examiner argues it would have been obvious to treat leukemia patients with a conjugate 
of an antibody that inhibits binding of stem cell factor to its receptor and decreases the growth rate of the 
cells. The Gadd et al. and Cambareri et al. publications were cited as disclosing the antibody YB5.B8 
which was subsequently shown by Broudy et al. to bind human c-kit and inhibits stem cell factor binding to 
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c-kit. Hara et al. was cited as teaching complete suppression of human leukemia cells by immunotoxins. 
Riechmann et al. was cited as disclosing methods for making humanized antibodies and Byars et al. for 
disclosing use of Tween 80 in protein formulations. 

Without acquiescing to the rejection and solely to advance prosecution, Applicants have cancelled 
Claims 26 and 29-44. New Claim 45 is directed to a method of treating cancer by administering an anti- 
neoplastic therapeutic agent conjugated to a monoclonal antibody or fragment thereof wherein the 
monoclonal antibody or fragment thereof binds to a human stem cell factor receptor and inhibits human 
stem cell factor binding to its receptor. The claimed antibodies are different from YB5.B8 in part because 
they inhibit binding of human stem cell factor to the receptor and inhibit cell growth of receptor-containing 
cells. Ashman et al. (J. Cell Physiol 158, 545-554 (1994) attached hereto as Exhibit A) states that SR-1 , 
the antibody produced by the hybridoma cell line ATCC No. HB 10716, blocked binding of SLF (steel 
factor, an alternative name for stem cell factor) to its receptor whereas YB5.B8 had minimal effects on SLF 
binding (abstract, p. 545). With respect to the Examiner's assertion that Broudy et al. state that YB5.B8 
inhibited stem cell factor binding to c-kit, it should be noted that YB5.B8 inhibited binding of murine, but not 
human, stem cell factor to human stem cell factor receptor (see Ashman et al. at p. 551 , right hand 
column). In addition, SR-1 inhibited growth of receptor-containing cells whereas YB5.B8 did not (abstract 
p. 545). The claimed invention would not have been obvious since the YB5.B8 antibody does inhibit either 
human stem cell factor binding to its receptor or growth of receptor-containing cells. Accordingly, there 
was no reasonable expectation that such an antibody would be effective in cancer therapy. It is believed 
that the rejection may be withdrawn. 

CONCLUSION 

Claims 45-70 are in condition for allowance and an early notice thereof is solicited. 

The Commissioner is hereby authorized to charge any additional fees or credit any overpayments 
to Deposit Account No. 01 -051 9. 
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EXHIBIT A 
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Epitope Mapping and Functional Studies With 
Three Monoclonal Antibodies to the C-KIT 
Receptor Tyrosine Kinase, YB5.B8, 17F11, 

and SR-1 

LEONIE K. ASHMAN*, HANS-JORG BUHRING, GABRIELLA W. AYLETT, 
VIRGINIA C. BROUDY, and CLAUDIA MULLER 

Leukaemia Research Unit, Hanson Centre for Cancer Research, Institute of Medical and 

Veterinary Science, Adelaide, South Australia 5000 (IX A., C.W.A.); Section for 
Transplantation Immunology and Immunohematology, Second Department of Internal 
Medicine, University of Tubingen, 7400 Tubingen, Germany (H.-].B„ CM.); Division of 
Hematology, Department of Medicine, University of Washington, Seattle, . 
Washington 98195 (V.C.B.) 

Three monoclonal antibodies (MAbs) to the human c-kit receptor tyrosine kinase 
(P145 c " klt ), derived in independent laboratories, have been extensively used in 
studies of c-kit expression and the role of its ligand, steel factor (SLF), in he- 
mopoiesis and mast cell differentiation and function. In this study, the relationship 
between the epitopes they identify, and their effects on SLF binding, receptor 
internalization, and signal transduction are compared. 

Epitope mapping studies carried out on the high P145 c_kit -expressing cell line 
HEL-DR showed that SR-1 identifies an epitope independent of those bound by 
YB5.B8 and 1 7F1 1 , while the latter two antibodies bound to distinct but interact- 
ing epitopes. SR-1 potently blocked the binding of SLF to P145 c " kit on these cells 
and also on cells of the factor-dependent line M07e. In contrast, YB5.B8 and 
17F11 had minimal effects on ligand binding. Conversely, SLF partially blocked 
the binding of SR-1 and YB5.B8 to cells, while binding of 17F11 was actually 
enhanced by SLF on some target cells. Preincubation of HEL-DR and M07e cells 
with MAbs prior to exposure to SLF revealed that 1 7F1 1 itself brought about partial 
down-regulation of P145 c " kil and did not inhibit SLF-mediated down-regulation. 
SR-1 caused minimal down-regulation and inhibited SLF-mediated receptor inter- 
nalization, YB5.B8 had minimal effects on either cell line in this assay. To deter- 
mine whether the antibodies had any agonist activity, they were compared with 
SLF for their ability to bring about receptor phosphorylation in intact M07e cells. 
All three antibodies induced detectable tyrosine phosphorylation with 17F11 
being the most effective, while YB5.B8 was the least effective. Finally, the ability 
of the antibodies to influence the proliferation, of the M07e cells was examined. 
As expected, SR-1 potently inhibited the proliferative response to SLF, while 
17F1 1 weakly inhibited and YB5.B8 had negligible effect. In the absence of SLF 
both 1 7F1 1 and YB5.B8 displayed very weak but reproducible agonist activity. 

© 1994 Wiley-Liss, Inc. 



The c-kit proto-oncogene product, P145 ckit , is a 145- 
150 KDa cell surface glycoprotein with intrinsic ty- 
rosine kinase activity (Yarden et al., 1987) and serves 
as the receptor for the cytokine variously known as 
stem cell factor (SCF), mast cell growth factor (MGF), 
kit ligand (KL) and steel factor (SLF) (Flanagan and 
Leder, 1990; Huang et ail., 1990; Anderson et al., 1990; 
Zsebo et al., 1990). The mapping of c-kit to the W locus 
in the mouse (Chabot et al., 1988; Geissler et al., 1988) 
and of SLF to the Steel locus (Flanagan and Leder, 
1990; Huang et al., 1990; Zsebo et al., 1990; Copeland et 
al., 1990) demonstrated the importance of this receptor- 
ligand system in the processes of hemopoiesis, mast cell 
differentiation, melanogenesis, and germ cell develop- 
ment. Several monoclonal antibodies (MAbs) recogniz- 

© 1994 WILEY-LISS, INC. 



ing the extracellular domain of P145 c ' kit have been de- 
scribed (Lerner et al., 1991; Buhring et al., 1991a, 1993; 
Broudy et al., 1992a; Blechman et al., 1993; Reisbach 
et al., 1993) and have proved valuable in analyzing 
the cellular distribution of the receptor, isolation of 
P145 ckit -positive cells, and the study of P145 c " kit func- 
tion. 

MAb YB5.B8 (IgGl) was raised against blast cells 
from a patient with acute myeloid leukaemia (AML) of 
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Ml type and selected for further study based on its 
failure to bind to autologous Epstein-Barr virus-trans- 
formed B cells or to normal peripheral blood cells (Gadd 
and Ashman, 1985). The antibody was subsequently 
shown to identify a 145-150 KDa protein which was 
also present on tissue mast cells (Ashman et al., 1987; 
Mayrhofer et al, 1987) and a small proportion of nor- 
mal bone marrow mononuclear cells including he- 
mopoietic progenitor cells that gave rise to colonies in 
semisolid media, CFU-C (Cambareri et al., 1988). The 
mapping of the c-kit gene to the murine W locus 
(Chabot et al., 1988; Geissler et al., 1988), known to be 
of importance in hemopoiesis (Russell, 1979) and to be 
strongly expressed in mast cells (Nocka et al., 1989), 
suggested that the antigen identified by YB5.B8 might 
be P145 c kit . This was confirmed in sequential precipi- 
tation and other experiments (Lerner et al., 1991). 

MAb 17F11 (IgM) was also raised against blast cells 
from a patient with AML and selected for its lack of 
reactivity with normal peripheral blood cells as well as 
its binding to a minor population of bone marrow mono- 
nuclear cells (Biihring et al., 1991a). This pattern of 
binding, which was similar to the previously reported 
pattern of expression of c-kit mRNA in AML and nor- 
mal marrow (Wang et al., 1989), suggested that the 
target antigen might be P145 c " klt . Demonstration that 
17F11 bound to murine 3T3 cells transfected with hu- 
man c-kit cDNA proved this to be the case (Biihring et 
al., 1991a). 

MAb SR-1 (IgG2a) was produced by immunization of 
mice with cells of the OCIM1 line. This antibody was 
directly identified as an anti-P145 c " k,t MAb by virtue of 
its ability to block the binding of 125 I-labeled SCF to 
OCIM1 cells (Broudy et al., 1992a). 

These MAbs have been extensively used to study 
P145 c kit expression and function. All three MAbs have 
demonstrated the presence of P145 c kit on a minority of 
bone marrow cells, including most cells of the progeni- 
tor compartment (Cambareri et al., 1988; Ashman et 
al., 1991; Buhring et al., 1991a; Papayannopoulou et 
al, 1991; Broudy et al., 1992a). More recently, SR-1 and 
YB5.B8 have been used to isolate human bone marrow 
hemopoietic "stem" cells capable of initiating long-term 
in vitro hemopoiesis in cytokine supplemented cultures 
(Briddell et al., 1992; Simmons et al., 1994) and stroma- 
dependent Dexter cultures (Simmons et al, 1994). MAb 
YB5.B8 has been extensively used in studies of mast 
cell development and function (e.g., Valent et al., 1989, 
1992; Irani et al., 1992; Bradding et al., 1992; Nilsson et 
al., 1993). SR-1 has also been used to study mast cell 
and basophil function (Columbo et al., 1992). 

The reported extent and pattern of binding of the 
MAbs to leukemic cells vary. In early experiments, ap- 
proximately 25--30% of AML specimens were scored as 
positive for YB5.B8, with no binding to acute lympho- 
blastic leukemia (ALL), chronic granulocytic leukemia 
(CGL), or chronic lymphocytic leukemia (CLL) cells de- 
tected (Gadd and Ashman, 1985; Ashman et al., 1988). 
These values underestimate the true frequency of 
YB5.B8 positivity due to the relatively low sensitivity 
of the immunofluorescence used at the time (L.K; Ash- 
man, unpublished data). MAb 17F11 was found to bind 
to blast cells from most patients with AML and CGL in 
blast crisis, but not to ALL specimens (Buhring et al., 



1991a).SR-l was found to be positive on some ALL cell 
lines and on blast cells of all 20 primary AML speci- 
mens examined (Broudy et al., 1992a,b). Whether these 
data reflect true differences in specificity of the anti- 
bodies, or, as seems more likely, differences in the sen- 
sitivity of the detection methods employed, remains to 
be determined. 

It has been shown that MAbs SR-1 and YB5.B8 iden- 
tify distinct epitopes on the P145 c " klt molecule (Broudy 
et al., 1992a) but, other than that, no direct compari- 
sons of these three MAbs have been reported. We here 
describe the results of collaborative studies in which we 
have directly compared these antibodies in epitope 
mapping and functional assays. 

MATERIALS AND METHODS 
MAbs 

In preliminary studies all three anti-P145 c_kit MAbs 
were used as dilutions of ascites after titration to deter- 
mine their relative potency. YB5.B8 ascites was satu- 
rating down to a 1/1,000 dilution in immunofluores- 
cence assays on HEL-DR cells, compared with 1/200 for 
17F11 and > 1/5,000 for SR-1. For the experiments 
showji in this paper, except where stated otherwise, 
purified antibodies were used throughout at 2-10 \igl 
ml, as indicated. MAb YB5.B8 (IgGl) was purified from 
culture supernatant by affinity chromatography on 
Protein A-Sepharose, and SR-1 (IgG2a) was purified 
from ascites using Protein G-Sepharose. MAb 17F11 
was purified on a Hi Load 16/60 Superdex 200 prep- 
grade column as described previously (Buhring et al., 
1991a). Negative control antibodies were SAL-2 (IgGl), 
SAL-3 (IgM), and SAL-5 (IgG2a) (O'Connor and Ash- 
man, 1982). MAb 3D6 (anti-P145 c ' klt ) was obtained, 
from Boehringer-Mannheim. The antiphosphotyrosine 
MAb 4G10 was obtained from Upstate Biotechnology, 
Inc. (Lake Placid, NY). 

Cells, cell lines, and cytokines 

Normal human bone marrow was obtained with in- 
formed consent, and with the approval of the Royal 
Adelaide Hospital Ethics Committee, from adult volun- 
teers. The mononuclear fraction was prepared by 
Ficoll-Paque density gradient centrifugation. HEL-DR, 
a subline of the erythroleukemia line HEL (Martin and 
Papayannopoulou, 1982), selected for its expression of 
HLA class II antigens, was kindly provided by Dr. Bev- 
erly Torok-Storb, Fred Hutchinson Cancer Research 
Center, Seattle. This line was found to express high 
levels of P145 c - kit (L.K. Ashman, unpublished data). 
HEL-DR cells were maintained in RPMI-1640 medium 
supplemented with 10% fetal bovine serum (FBS). The 
M07e cell line, a factor-dependent cell line established 
from a patient with acute megakaryocyte leukemia 
(Avanzi et al., 1988), was maintained in Dulbecco's 
Modified Eagle's Medium (DMEM)/10% FBS with IL-3 
as growth stimulus (1/50 dilution of transfected CHO 
cell conditioned medium). The factor-dependent human 
erythroleukemia cell line TF-1 (Kitamura et al., 1989), 
obtained from Dr. Douglas Williams (Immunex Corpo- 
ration, Seattle, WA), was maintained in RPMI-1640/ 
10% FBS witli granulocyte macrophage-colony stimu- 
lating factor (GM-CSF) as growth factor (1/50 dilution 
of transfected CHO cell conditioned medium). Trans- 
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fected CHO cells stably expressing human IL-3 or GM- 
CSF were provided by Dr. Angel Lopez, Hanson Centre. 
Recombinant human (rh) SLF was obtained as purified 
material produced in yeast from Immunex (MGF) or in 
E. coli from Amgen Corporation, Thousand Oaks, CA 
(SCF) as indicated. 

Immunofluorescence and flow cytometry 

Procedures for detecting MAb binding to cells were as 
previously described (Buhring et al., 1991b; Ashman et 
al., 1991). Briefly, cells were incubated with anti- 
P145 c kit or control MAbs at 4°C for 30 minutes, washed 
twice, then incubated for a further 30 minutes with 
fluorochrome-conjugated (F(ab)' 2 fragments of goat an- 
tibodies specific for mouse immunoglobulin isotypes, as 
indicated. In order to block binding mediated by Fc 
receptors, cells were preincubated for 10 minutes with 
human AB serum (Behring, Marburg, Germany), or 
10% heat-inactivated normal rabbit serum was in- 
cluded in the incubations. Except where otherwise indi- 
cated, assays were carried out in the presence of sodium 
azide (0.1%) to prevent capping and receptor internal- 
ization. To measure SLF binding, cells were incubated 
with a saturating level (125 fxg/ml) of biotinylated SLF 
(MGF-b) at 4°C for 30 minutes, then washed and incu- 
bated with Streptavidin-phycoerythrin (SA-PE, Di- 
anova, Hamburg, Germany) as above. Flow cytometric 
analysis was performed using a FACS IV cell sorter, a 
FACScan flow cytometer (Becton Dickinson, Mountain 
View, CA), or a Profile II flow cytometer (Coulter, Hi- 
aleah, FL) as previously described (Buhring et al., 
1991b; Ashman et al., 1991). 

Receptor phosphorylation 

M07e cells (1.7 x 10 s ) were washed once in phos- 
phate-free RPMI-1640 (Irvine Scientific, Santa Ana, 
CA) supplemented with 0.5% bovine serum albumin 
(Reheis, Phoenix, AZ), then resuspended in 20 ml of 
phosphate-free RPMI containing 0.5% bovine serum al- 
bumin and 10 mCi 32 P-orthophosphate (Amersham, Ar- 
lington Heights, EL). After 3.5 hours of incubation in a 
shaking water bath maintained at 37°C, aliquots of the 
cells (2.4 x 10 7 ) were treated with no addition, SLF 
(rh-SCF at a final concentration of 50 ng/ml), or puri- 
fied MAb (final concentration 5 ^g/ml) for 15 minutes 
at room temperature. The samples were centrifuged for 
1 minute in a Beckman Microfuge 11 (Beckman, Palo 
Alto, CA) operated in a 4°C cold room, arid the cell 
pellets were lysed by rocking for 20 minutes at 4°C in 
lysis buffer (50 mM HEPES [pH 7.5], 150 mM NaCl, 
10% glycerol, 1% Triton X-100, 1.5 mM MgCl 2 , 1 mM 
EDTA, 10 ug/ml leupeptin, 200 u-g/ml aprotinin, 1 mM 
PMSF, 1 mM sodium orthovanadate, 100 mM NaF). 
The method was based on that of Lev et al. (1992a). The 
Triton X-100, leupeptin, and aprotinin were obtained 
from Boehringer Mannheim (Indianapolis, IN) the re- 
maining chemicals were obtained from Sigma Chemi- 
cal Co. (St. Louis, MO). The cell lysates were centri- 
fuged for 5 minutes at 10,000g to remove insoluble 
debris, and cellular proteins were precipitated over- 
night at 4°C with protein A-agarose beads (Pharmacia 
LKB, Piscataway, NJ) that had been coated with the 
4G10 antiphosphotyrosine MAb (Siegel, 1992). The im- 
munoprecipitates were washed once with HNTG buffer 



(20 mM HEPES [pH 7.5], 150 mM NaCl, 0.1% Triton 
X-100, 10% glycerol), then adsorbed proteins were 
eluted by incubating the beads in HNTG containing 50 
mM phenyl phosphate (Sigma) for 1 hour at 4°C (Lev et 
al., 1992a). The proteins were reprecipitated with the 
SR-1 MAb (1 fig/ml final concentration) and protein 
A-agarose beads. The immunoprecipitates were 
washed once in HNTG buffer, resuspended in sodium 
dodecyl sulfate (SDS) polyacrylamide sample buffer 
containing 50 mM dithiothreitol (Laemmli, 1970), 
boiled for 3 minutes, and analyzed on a 7.5% SDS poly- 
acrylamide gel in parallel to prestained molecular 
weight markers (Bio-Rad Laboratories, Richmond, 
CA). Radiolabeled proteins were detected by autorad- 
iography for 5 days at -70°C. Radioactivity in the dried 
gel was quantitated using a Molecular Dynamics Phos- 
phorlmager Model 400S (Sunnyvale, CA). 

M07e proliferation assay 

M07e cells cultured in the presence of IL-3 were 
washed twice in DMEM 4- 2% FBS to remove factor, 
then plated at 10 4 cells per well in 96 well flat bottomed 
microtiter t plates (Falcon no. 3072, Becton Dickinson, 
New Jersey). Cells were preincubated with purified 
sterile, azide-free MAb at 2 jjig/ml or 5 |xg/ml for 1 hour 
at 37°C prior to the addition of SLF (0-50 ng/ml). Cul- 
tures were incubated at 37°C in a humidified 5% C0 2 in 
air atmosphere for 3 days and pulsed with 1 (xCi/well 
methyl- 3 H-thymidine (25 Ci/mmol, Amersham) for the 
last 16 hours of the culture period. Cells were harvested 
with a Titertek harvester and the filter discs placed in 
Hisafe scintillation fluid (Linbrook International) and 
counted in a Beckman LS7500 scintillation counter. 

RESULTS 

Competitive binding of YB5.B8, 17F11, and SR-1 
to HEL-DR cells 

^ Aliquots of HEL-DR cells were preincubated with 
each of the anti-P145 c " kit MAbs under conditions pre- 
venting receptor internalization (4°C, in the presence of 
sodium azide) prior to the addition of the test antibody. 
Since the three antibodies are of different isotypes, 
binding of the test antibody was then assessed using an 
appropriate isotype-specific second-stage reagent. As 
shown in Figure 1, all three MAbs bound similarly to 
HEL-DR cells. Binding of SR-1 was not influenced by 
preincubation with YB5.B8 or 17F11. Conversely, SR-1 
did not affect the binding of the other antibodies. Thus, 
as was previously reported for YB5.B8 (Broudy et aL, 
1992a), SR-1 identifies an epitope distinct from those 
recognized by the other antibodies. While preincuba- 
tion with 17F11 had minimal effect on the subsequent 
binding of YB5.B8 to HEL-DR cells (average 6% inhibi- 
tion based on mean fluorescence intensity), preincuba- 
tion with YB5.B8 substantially blocked subsequent 
binding of 17F11 (average 60% inhibition). The results 
suggest that these two antibodies bind to distinct 
epitopes that may interact by way of conformational 
changes induced by antibody binding, although effects 
of antibody affinity have not been ruled out. Preincuba- 
tion with control antibodies of the appropriate isotype 
and directed against HLA class I antigens, or irrelevant 
(anti-Salmonella) antigens, did not influence binding 
of anti-P145 c kit antibodies in any case. Similar results 
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FLUORESCENCE INTENSITY 

Fig. 1. Competitive binding of YB5.B8, 17F11, and SR-1 to HEL-DR cells. Binding of MAbs was 
measured by indirect immunofluorescence and analysis on a FACScan flow cytometer. A-C: Binding of 

MAbs YB5.B8, SR-1, and 17F11, respectively, to HEL-DR cells. isotype-matched negative control; 

anti-kit MAb; * • * * isotype-matched anti-HLA class I (positive control). D-F: Effect of preincubating 

the cells with the other anti-kit MAbs. D: Binding of YB5.B8 alone ( ) or after preincubation with SR-1 

( ) or 17F11 ( ); E: binding of SR-1 alone ( ) or after incubation with YB5.B8 ( ) or 17F11 

( ); F: binding of 17F11 alone ( ) or after preincubation with SR-1 ( ) or YB5.B8 ( ). YB5.B8 

and control IgGl MAbs were detected with PE-labeled goat anti-mouse IgGl; SR-1 and control IgG2a 
MAbs with FITC-labeled goat anti-mouse IgG2a, and 17F11 and control IgM MAbs with FITC-labeled 
goat anti-mouse IgM. All second-stage reagents used in this experiment were obtained from Caltag (San 
Francisco, CA). 



were obtained using primary AML blasts and M07e 
cells (data not shown). 

Binding of YB5.B8, 17F11, and SR-1 to normal 
human bone marrow cells 

Because of the slight differences in the documented 
specificity of the three antibodies, we compared their 
binding to bone marrow mononuclear cells from three 
normal human donors using two-color immunofluores- 
cence and flow cytometry. Cell populations were incu- 
bated with YB5.B8 and SR-1 or 17F11 and SR-1 fol- 
lowed by isotype-specific second-stage reagents (as 
above). YB5.B8 and 17F11 could not be compared di- 
rectly because they partially cross-block each other's 
binding. In each case the three antibodies bound to the 
same cell populations. A representative experiment is 
shown in Figure 2. 

Influence of MAbs on SLF binding and 
vice versa 

HEL-;DR and M07e cells, preincubated with anti- 
P145 c " klt MAbs or isotype-matched control MAbs under 
conditions preventing receptor endocytosis, were as- 
sayed for binding of biotin-labeled SLF by immunoflu- 



orescence and flow cytometry. MAb SR-1 at 2 |xg/ml 
almost completely abolished binding of SLF to both cell 
lines (Table 1). Binding of SLF to HEL-DR cells was 
unaffected by pretreatment with 17F11, and actually 
enhanced on M07e cells. MAb YB5.B8 had a slight, but 
reproducible inhibitory effect on SLF binding on all 
three cell targets (Table 1). In the reciprocal experi- 
ment, preincubation of the cells with SLF (125 ng/ml) 
substantially inhibited SR-1 binding and slightly in- 
hibited YB5.B8 binding, but enhanced 17F11 binding 
to primary AML cells. However, the results obtained 
with other cell types varied considerably. Surprisingly, 
preincubation with SLF influenced binding of YB5.B8 
and SR-1 to HEL-DR cells and M07e cells to a similar 
extent. SLF at up to 200 ng/ml was relatively ineffec- 
tive at blocking SR-1 binding to M07e cells (Table 2). 

Effect of MAbs on receptor endocytosis 

M07e cells were preincubated with azide-free anti- 
P145 ckit or control MAb at 4°C then SLF was added, the 
cells warmed to 37°C, and cell surface P145 c kit was 
monitored after the indicated times by indirect immu- 
nofluorescence. Figure 3 shows the results of a repre- 
sentative experiment where SLF (50 hg/ml) brought 
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Fig. 2. Binding of YB5.B8, SR-1, and 17F11 to normal bone marrow cells. Subsets of low density bone 
marrow cells were assayed by two-color indirect immunofluorescence and analyzed on a Profile II flow 
cytometer. A: YB5.B8 + IgG2a negative control; B: IgGl negative control + SR-1; C: YB5.B8 + SR-1; D: 
17F11 + IgG2a negative control; E: IgM negative control + SR-1; F: 17F11 + SR-1. All primary antibod- 
ies were used at 5 jig/ml final. YB5.B8 was detected with PE-labeled anti-IgGl; SR-1 with FITC-labeled 
anti-IgG2a (c.f. Fig. 1 legend); and 17F11 with PE-labeled goat anti-mouse IgM (Southern Biotechnology). 



TABLE 1. Effect of MAbs on Binding of SLF 1 



TABLE 2. Effect of SLF on MAb Binding 1 



MAb 


. Relative mean fluorescence intensity 


MAb 


Relative mean fluorescence intensity 


AML cells 


HEL-DR cells 


M07e cells 


AML cells 


HEL-DR cells 


M07e cells 


None 


100. 


100 


100 


No SLF 


100 


100 


100 


SR-1 


1 


1 


1 


SR-1 


26 


42 


85 


YB5.B8 


57 


89 


81. 


YB5.B8 


80 


42 


89 


17F11 


107 


104 


130 


17F11 


156 


111 


101 



l Cells were incubated with MAb 2 jig/ml for 30 minutes on ice in the presence of 0.01% 
NaN 3 prior to the addition of biotinylated SLF (rhMGF). After a further 30 minutes on 
ice, cells were stained with Streptavidin-PE and analyzed by flow cytometry using 
linear gain. 



about essentially complete receptor down-regulation by 
30 minutes of incubation. MAb 17F11 also caused 
strong down-regulation of cell surface P145 c " klt . In con- 
trast, incubation with SR-1 caused only modest loss of 
the receptor but blocked SLF-induced receptor modula- 
tion, while YB5.B8 had a negligible effect alone or on 
the response to SLF. Similar results were obtained with 
HEL-DR cells (not shown). 

Receptor phosphorylation induced by binding of 
MAbs to M07e cells 

M07e cells, metabolically labeled with 32 P-ortho- 
phosphate, were incubated with SLF, anti-P145 c " klt , or 



^ells were incubated in medium or with SLF (rhSCF) 125 ng/ml (AML cells) or 200 
ng/ml (HEL-DR and M07e cells) for 10 minutes on ice in the presence of 0.01% NaN 3 
prior to incubation with the indicated MAb (2 |xg/ml) for a further 30 minutes on ice. 
Subsequently the cells were stained with fluorescent-labeled antibodies to mouse Ig and 
analyzed by flow cytometry using linear gain. For each antibody the mean fluorescence 
intensity observed with cells preincubated with SLF is expressed relative to the control 
(no SLF), assigned the arbitrary value of 100. 



control MAb for 15 minutes then solubilized. After se- 
quential immunoprecipitation with 4G10 antiphospho- 
tyrosine MAb followed by SR-1 MAb and SDS-polyacry- 
lamide gel electrophoresis (PAGE), the extent of 
phosphorylation of P145 c ~ klt was determined by autora- 
diography (Fig. 4) and Phosphorlmager analysis of the 
major band at approximately 150 KDa. Basal phospho- 
rylation of P145 ckit was detectable in control M07e 
cells in the absence of SLF or MAb. Incubation with 
SLF increased receptor phosphorylation 9.2-fold, in 
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Fig. 3. Effect of MAbs on receptor internalization. M07e cells were 
preincubated with SLF (rh-SCF) and/or MAbs (2 jig/ml) for 30 minutes 
at 4°C, then rapidly warmed to 37°C. At the indicated times, aliquots 
were removed and residual Pl45 c * kit was determined by indirect im- 
munofluorescence. A: 17F11; B: SR-1; C: YB5.B8. control cells; V, 
SLF alone; MAb alone; [o] MAb + SLF. 



comparison to control M07e cells. With the exception of 
the negative control antibody SAL-2, all of the antibod- 
ies tested brought about some increase in P145 c_kit 
phosphorylation. This was greatest for 17F11 (3.4-fold), 
followed by.SR-1 (3.1-fold), YB5.B8 (2.0-fold), and least 
(1.8-fold) for 3D6, another anti-P145 ckit MAb (Buhring 
etal., 1993). . 

Effect of MAbs on proliferation of M07e cells 

M07e cells, previously maintained in rhIL-3, were 
cultured with various levels of SLF and anti-P145 c " kit 
MAb or isotype-matched negative control MAb. Prolif- 
eration was assessed by 3 H-thymidine incorporation af- 
ter 3 days of culture. Maximum proliferation was ob- 




Fig. 4. Effect of MAbs on receptor phosphorylation in intact cells. 
M07e cells were metabolically labeled with 32 P-orthophosphate, then 
incubated for 15 minutes with no addition (lane 1), SLF (rh-SCF, 50 
ng/ml) (lane 2), SR-1 (lane 3), YB5.B8 (lane 4), 17F11 (lane 5), 3D6 
(lane 6), or a negative control MAb SAL-2 (lane 7). Each of the MAbs 
was used at a concentration of 5 jig/ml. The cells were then lysed, 
immunoprecipitated with antiphosphotyrosine MAb 4G10, and then 
reprecipitated with SR-1. After SDS-PAGE, the labeled proteins were 
detected by autoradiography. 



serVed at a SLF concentration of 25 ng/ml (rhMGF; 
Immunex). As expected, SR-1 almost completely 
blocked SLF-driven M07e proliferation. Results of a 
representative experiment are shown in Figure 5. 
YB5.B8 had no significant inhibitory effect at any con- 
centration of SLF tested, and 17F11 caused partial in- 
hibition (average 50%) at all levels of SLF. Similar 
results were obtained with TF-1 cells (data not shown). 
In the absence of added SLF, slight but reproducible 
enhancement of thymidine incorporation was observed 
with YB5.B8 and 17F11, but not with SR-1. This was on 
average 5.2 ± 2.6% of the value obtained with 25 ng/ml 
SLF for 17F11, and 4.9 ± 2.4% for YB5.B8, after cor- 
recting incorporation for the isotype-matched control 
(n = 5 in each case). These two MAbs also enhanced 
thymidine incorporation by TF-1 cells (6.3 ± 2.2% and 
3.3 ± 1.2% of the value obtained with 25 ng/ml SLF for 
17F11 and YB5.B8 respectively; n = 4). 

DISCUSSION 

As outlined above, all three MAbs studied here have 
previously been clearly demonstrated to bind to human 
P145 cklt , but there appeared to be some differences in 
their specificity. Direct comparison revealed that these 
MAbs bound to indistinguishable cell populations in 
normal bone marrow and, while variations in specific- 
ity due to alternate glycosylation of the P145 c " kit on 
different cell types cannot be excluded, it seems likely 
that the previously reported differences in the binding 
of these antibodies to leukemic cell populations reflect 
the varying sensitivity of the techniques employed. 
However, the antibodies recognized distinct epitopes on 
the extracellular domain of P145 c " kit . In cross-blocking 
experiments, SR-1 was shown to bind to an epitope 
independent of those recognized by YB5.B8 and 17F11. 
While some cross-blocking between YB5.B8 and 17F11 
was observed, this was incomplete and nonreciprocal; 
YB5.B8 was much more effective at blocking 17F11 
binding than vice versa in experiments where cells 
were incubated sequentially with the two antibodies. 
Although the results could be explained by substantial 
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Fig. 5. Effect of MAbs on the proliferation of M07e cells. Cells were 
cultured for 3 days with the indicated level of SLF (rh-MGF) in the 
presence of anti-P145 c ' kit MAbs (solid bars) or isotype-matched control 
MAb (hatched bars) (all at 5 ng/ml final concentration, except SR-1 
and the negative control IgG2a which were used at a 1/5,000 final 
dilution of ascites). Proliferation was measured by incorporation of 
3 H-thymidine over the last 16 hours of culture. All cultures were 
performed in quadruplicate and the histograms show means and S.E. 



differences in affinity, it seems likely that the two anti- 
bodies bind to separate epitopes, and that YB5.B8 in- 
hibits 17F11 binding by inducing a conformational 
change in the receptor. 

p 145 c-kit 

is a member of the type III receptor tyrosine 
kinase family and displays strong homology with the 
CSF-1 receptor (Ullrich and Schlessinger, 1990). Signal 
transduction by receptor tyrosine kinases involves the 



ligand-induced formation of receptor homodimers, 
stimulation of the intrinsic kinase activity, auto and/or 
transphosphorylation, association with and phosphory- 
lation of downstream signaling molecules culminating 
in mitogenesis, and finally endocytosis and degrada- 
tion of the receptor-ligand complex. In the case of 
P145 c - k,t , binding of the ligand SCF, which exists in 
solution as a dimer (Arakawa et al., 1991), is believed 
to promote receptor dimerization either directly 
(Blume-Jensen et al., 1991) or by means of a conforma- 
tional change (Lev et al, 1992b), resulting in activation 
of the kinase function of the cytoplasmic domain of the 
receptor. Thus MAbs to the extracellular part of 
Pl45 c-ku may modify its function by blocking or mim- 
icking ligand binding, or influencing receptor dimer- 
ization. The effects could be either by direct competition 
for ligand or homodimer binding sites, or mediated by 
conformational changes. In this study, the effects of 
MAbs on receptor function were assessed by examina- 
tion of their effects on ligand binding, receptor phospho- 
rylation in intact cells, receptor down-regulation, and 
mitogenesis in factor-dependent M07e cells. 

SR-1 was the only antibody to significantly influence 
ligand binding, and appeared to directly compete with ' 
SLF for binding to the receptor since reciprocal, essen- 
tially complete, inhibition was observed at least on 
some cell types. Although it induced significant recep- 
tor phosphorylation in intact cells, and weakly pro- 
moted receptor endocytosis, it was devoid of agonist 
activity in the M07e proliferation assay. These results 
imply that receptor phosphorylation and internaliza- 
tion can be to some extent dissociated from mitogenesis. 
Whether the pattern of tyrosine phosphorylation in- 
duced by SR-1 differs qualitatively as well as quantita- 
tively from that brought about by SLF remains to be 
determined. 

The biological effects of 17F11 were more complex. 
This antibody failed to compete for ligand binding, but 
appeared to have slight, but significant agonist activ- 
ity. It brought about the highest level of receptor phos- 
phorylation (37% of that seen with SLF), synergized 
with SLF in promoting receptor internalization, and 
induced some proliferation of M07e cells in the absence 
and at very low levels of ligand, but inhibited prolifera- 
tion at near-saturating levels of SLF. In other studies 
on primary AML cells (Buhring et al., 1993), 17F11 was 
shown to synergize with SLF. Since the antibody does 
not appear to bind to the ligand binding site, it may 
influence function through effects on receptor oligo- 
merization. 

MAb YB5.B8 was previously shown to block the bind- 
ing of murine SLF to human erythroleukaemia (HEL) 
cells (Lerner et al., 1991), but had little effect on the 
binding of rhSLF (rhMGF) to HEL-DR or M07e in the 
experiments reported here. Since YB5.B8 did not cross- 
block with SR-1, which appears to directly compete for 
the ligand binding site of P145 c ' kit , the results imply 
that any effect of YB5.B8 on ligand binding is mediated 
by a conformational change, or that the recognition site 
for murine SLF on P145 cklt is nonidentical with the 
binding site for hSLF. Consistent with the latter inter- 
pretation, Lev et al. (1993) recently described experi- 
ments using chimeric human-mouse Pl45 c " kit showing 
that the hSLF bindinesite is located on the second 
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Ig-like domain of the receptor, while the rodent SLF 
binding site was predominantly dependent on the third 
Ig-like domain. Nevertheless, the nonreciprocal cross- 
blocking between YB5.B8 and 17F11, described above, 
provides evidence that YB5.B8 binding does indeed in- 
duce a conformational change in the receptor, although 
the possibility that it is due to differences in affinity 
has not been excluded. YB5.B8 has been shown to have 
some inhibitory activity in a range of culture systems of 
normal hemopoietic cells in several laboratories (Cam- 
bareri et al., 1988; Ashman et al., 1990; Cicuttini et al., 
1992; Matos et al., 1993). In addition, blocking of 
YB5.B8 binding by preincubation with SLF varied con- 
siderably for different target cells (Table 2). These re- 
sults imply that there are conformational interactions 
between the SLF and YB5.B8 binding sites on the re- 
ceptor, and that these interactions vary in different cell 
types. At present we have no explanations for the dis- 
crepancies between the results obtained with different 
cell types, but it should be noted that the extent of 
binding of YB5.B8 is indistinguishable from that of the 
other MAbs to P145 c " klt on all cell types examined. It is 
possible that YB5.B8 has differential effects depending 
on receptor glycosylation, the balance of P145 c kit iso- 
forms (Reith et al., 1991; Hayashi et al., 1991; Crosier 
et al., 1993) expressed by the target cell, or whether the 
ligand is functioning in soluble or membrane-bound 
form (Anderson et al., 1990; Flanagan et al., 1991; 
Huang etal., 1992). 

. i.Thus, the three anti-MAbs studied in these experi- 
ments have distinctive properties. As well as having 
different isotypes, the antibodies bound to separate 
epitopes on the extracellular domain of P145 c and 
had distinct biological effects. Although 17F11 did not 
compete with SLF for binding to the receptor, it had the 
characteristics of a weak agonist in its interactions 
with cells expressing P145 c klt . Of the three antibodies, 
it was the only one to promote effective receptor down- 
modulation, presumably by internalization. It may, 
therefore be the most suitable of the antibodies tested 
here for imraunotoxin delivery. In contrast, SR-1 was a 
potent antagonist of SLF binding, and is clearly the 
best of the three antibodies for use as an inhibitor of 
SLF action. In this respect it may be similar to another 
recently described MAb 3D6 (Burning et al., 1993). 
Notwithstanding its inhibitory action on SLF binding, 
SR-1 has been successfully used to isolate primitive 
hemopoietic cells including long-term bone marrow cul- 
ture initiating cells (Briddell et al., 1992) and pre-CFU 
(Papayannopoulou et al, 1991). MAb YB5.B8 was the 
most neutral in terms of its effects on SLF-mediated 
responses. It had little effect on ligand binding, receptor 
status (phosphorylation, down-regulation), or on SLF- 
induced proliferation of M07e cells. It is therefore an 
ideal antibody for the isolation of P145 c ' kii expressing 
cells such as mast cells and early stem cells. We have 
demonstrated excellent yields of CFU over several 
weeks in cultures of pre-CFU isolated with YB5.B8 by 
FACS (Simmons et al., 1994). In addition, YB5.B8 has 
been used, with immunomagnetic beads, in the purifi- 
cation of tissue mast cells in high yield and without 
functional alteration (Bradding et al, 1992; Okayama 
etal., 1994). 



ACKNOWLEDGMENTS 

We thank M. Burkhardt for excellent technical assis- 
tance. We are grateful to Drs. D. Williams, P. DeVries, 
and S. Gillis, Immunex Corporation, Seattle, WA, for 
providing rhMGF and its biotinylated derivative, and 
to Dr. K. Zsebo, Amgen Corporation, Thousand Oaks, 
CA for rhSCF. This work was supported by grants from 
the Anti-Cancer Foundation of the Universities of 
South Australia (to L.K.A.), the Deutsche Forschungs- 
gemeinschaft (SFB 120, project C5 to H.-J.B.), and the 
National Institutes of Health (DK 44194 to V.C.B.). 
L.K.A. is a Senior Research Fellow of the National 
Health and Medical Research Council of Australia. 
V.C.B. is also supported by a Faculty Research Award 
from the American Cancer Society. 



LITERATURE CITED 

Anderson, D.A., Lyman, S.D., Baird, A., Wignall, J.A., Eisenman, J., 
Rauch, C, March, C.J., Boswell, H.S., Gimpel, S.D., Cosman, D., and 
Williams, D.E. (1990) Molecular cloning of mast cell growth factor, a 
hematopoietin that is active in both membrane bound and soluble 
forms. Cell, 65:235-243. 

Arakawa, T., Yphantis, D.A., Lary, J.W., Narhi, L.O., Lu, H.S., Pre- 
strelski, S.J., Clogston, C.L., Zsebo, K.M., Mendiaz, E.A., Wypych, 
J., and Langley, K.E. (1991) Glycosylated and unglycosylated re- 
combinant-derived human stem cell factors are dimeric and have 
extensive regular secondary structure. J. Biol. Chem., 266:18942- 
18948. 

Ashman, L.K., Gadd, S.J., Mayrhofer, G., Spargo, L.D.J., and Cole, 
S.R. (1987) A murine monoclonal antibody to an acute myeloid leu- 
kaemia-associated cell surface antigen identifies tissue mast cells. 
In: Leucocyte Typing HI, Proceedings of the Third International 
Workshop and Congress on Human Leucocyte Differentiation Anti- 
gens. A. McMichael, ed. Oxford University Press, Oxford, pp. 726- 
728. 

Ashman, L.K., Roberts, M.M., Gadd, S.J., Cooper, S.J., and Juttner, 
C.A. (1988) Expression of a 150kD cell surface antigen identified by 
monoclonal antibody YB5.B8 is associated with poor prognosis in 
acute non-lymphoblastic leukemia. Leuk. Res., 22.923-928. 

Ashman, L.K., Cambareri, A.C., and Eglinton, J.M. (1990) A mono- 
clonal antibody that inhibits the action of GM-CSF on normal but 
not leukaemic progenitors. Leuk. Res., 24:637-644. 

Ashman, L.K., Cambareri, A.C., To, L.B. Levinsky, R.J., and Juttner, 

C. A. (1991) Expression of the YB5.B8 antigen (c-kit proto-oncogene 
product) in normal human bone marrow. Blood, 75:30-37. 

Avanzi, G.C., Lista, P., Giovinazzo, B., Miniero, R. ( Saglio, G., Benet- 
ton, G., Codam R., Cattoretti, G., and Pegoraro, L. (1988) Selective 
growth response to IL-3 of a human leukaemic cell line with mega- 
karyoblastic features. Br. J. Haematol, 69:359-366. 

Blechman, J.M., Lev, S., Brizzi, M.F., Leitner, O., Pegoraro, L., Givol, 

D. , and Yarden, Y. (1993) Soluble c-kit proteins and antireceptor 
monoclonal antibodies confine the binding site of the Stem Cell 
Factor. J. Biol. Chem., 265:4399-4406. 

Blume-Jensen, P., Claesson- Welsh, L., Siegbahn, A., Zsebo, K.M., 
Westermark, B., and Heldin, C.-H. (1991) Activation of the human 
c-kit product by ligand-induced dimerization mediates circular actin 
reorganization and chemotaxis. EMBO J. t 20:4121-4128. 

Bradding, P., Feather, I.H., Howarth, P.H., Mueller, R., Roberts, J.A., 
Britten, K., Bews, J.P.A., Hunt, T.C., Okayama, Y., Heusser, C.H., 
Bullock, G.R., Church, M.K., and Holgate, S.T. (1992) Interleukin 4 
is localized to and released by human mast cells. J. Exp. Med., 
276:1381-1386. 

Briddell, R.A., Broudy, V.C., Bruno, E., Brandt, J.E., Srour, E.F., and 
Hoffmann, R. (1992) Further phenotypic characterization and isola- 
tion of human hematopoietic progenitor cells using a monoclonal 
antibody to the c-kit receptor. Blood, 79:3159-3167. 

Broudy, V.C., Lin, N., Zsebo, K.M., Birkett, N.C., Smith, K.A., Bern- 
stein, I.D., and Papayannopoulou, T. (1992a) Isolation and charac- 
terization of a monoclonal antibody that recognizes the human c-kit 
receptor. Blood, 79:338-346. 



SEST AVAILABLE COPY 



MONOCLONAL ANTIBODIES TO THE C-KIT PROTEIN 



553 



Broudy, V.C., Smith, F.O., Lin, N., Zsebo, K.M., Egrie, J., and Bern- 
stein, I.D. (1992b) Blasts from patients with acute myelogenous 
leukemia express functional receptors for Stem Cell Factor. Blood, 
50:60-67. 

Buhring, H.-J,, Ullrich, A., Schaudt, K., Muller, C.A., and Busch, F.W. 
(1991a) The product of the proto-oncogene c-kit (P145 c * kit ) is a hu- 
man bone marrow surface antigen of hemopoietic precursor cells 
which is expressed on a subset of acute non-lymphoblastic leukemic 
cells. Leukemia, 5:854-360. 

Buhring, H.*J., Saalmuller, A., Muller, C, van Agthoven, A.J., and 
Busch, F.W. (1991b) The monoclonal antibody 11G7 recognizes a 
novel differentiation antigen expressed on hemopoietic precursor 
cells. Hybridoma, 10:77-88. 

Buhring, H.-J., Herbst, R., Kostka, G., Bartke, I., Bossenmaier, B., 
Kropshofer, H., Kalbacher, H., Busch, F.W., Muller, C.A., Schless- 
inger, J., and Ullrich, A. (1993) Modulation of P145 c * kit function in 
cells of patients with acute myeloblasts leukaemia. Cancer Res. 
53:4424-4431. 

Cambareri, A.C., Ashman, L.K., Cole, S.R., and Lyons, A.B. (1988) A 
monoclonal antibody to a human mast cell/myeloid leukaemia spe- 
cific antigen binds to normal haemopoietic progenitor cells and in- 
hibits colony formation in vitro. Leuk. Res., i2:929— 939. 

Chabot, B., Stephenson, D.A., Chapman, V.M., Besmer, P., and Bern- 
stein, A. (1988) The proto-oncogene c-kit encoding a transmembrane 
tyrosine kinase receptor maps to the mouse W locus. Nature, 335: 
88-89. 

Cicuttini, F.M., Martin, M., Salvaris, E., Ashman, L., Begley, C.G., 
Novotny, J., Maher, D., and Boyd, A.W. (1992) Support of human 
cord blood progenitor cells on human stromal cell lines transformed 
by SV 40 large T antigen under the influence of an inducible (metal- 
lothionein) promoter. Blood, 50:102-112. 

Columbo, M., Horowitz, E.M., Botana, L.M., MacGlashan, D.W. Jr., 
Bochner, B.S., Gillis, S., Zsebo, K.M., Galli, S.J., and Lichtenstein, 
L.M. (1992) The human recombinant c-kit receptor ligand, rhSCF, 
induces mediator release from human cutaneous mast cells and 
enhances IgE-dependent mediator release from both skin mast cells 
and peripheral blood basophils. J. Immunol., J49:599-608. 

Copeland, N.G., Gilbert, D.J., Cho, B.C., Donovan, P.J., Jenkins, N.A., 
Cosman, D., Anderson, D., Lyman, S.D., and Williams, D.E. (1990) 
Mast cell growth factor maps near the Steel locus on mouse chromo- 
some 10 and is deleted in a number of Steel alleles. Cell, 63:175-183. 

Crosier, P.S., Ricciardi, S.T., Hall, L.R., Vitas, M.R., Clark, S.C., and 
Crosier, K.E. (1993) Expression of isoforms of the human receptor 
tyrosine kinase c-kit in leukemic cell lines and acute myeloid leuke- 
mia. Blood 82:1151-1158. 

Flanagan, J.G., and Leder, P. (1990) The kit ligand: A cell surface 
molecule altered in Steel mutant fibroblasts. Cell, 63:185-194. 

Flanagan, J.G., Chan, D.C., and Leder, P. (1991) Transmembrane 
form of the kit ligand growth factor is determined by alternative 
splicing and is missing in the Sl d mutant. Cell, 64:1025-1035. 

Gadd, S.J., and Ashman, L.K. (1985) A murine monoclonal antibody 
specific for a cell-surface antigen expressed by a subgroup of human 
myeloid leukaemias. Leuk. Res., 5:1329-1336. 

Geissler, E.N., Ryan, M.A., and Housman, D.E. (1988) The dominant- 
white spotting (W) locus of the mouse encodes the c-kit proto-onco- 
gene. Cell, 55:185-192. 

Hayashi, S.I., Kunisada, T., Ogawa, M., Yamaguchi, K., and Nishikawa, 
S.-I. (1991) Exon skipping by mutation of an authentic splice site of 
c-kit gene in W/W mouse. Nucleic Acids. Res., i 9:1267-1271. 

Huang, E., Nocka, K., Beier, D.R., Chu, T.-Y., Buck, J., Lahm, H.-W., 
Wellner, D., Leder, P., and Besmer, P. (1990) The hematopoietic 
growth factor KL is encoded by the SI locus and is the ligand of the 
c-kit receptor, the gene product of the W locus. Cell, 63:225-233. 

Huang, E.J., Nocka, K.H., Buck, J., and Besmer, P. (1992) Differential 
expression and processing of two cell associated forms of the kit- 
ligand: KL-1 and KL-2. Mol. Biol Cell, 3:349-^362. 

Irani, A-M., Nilsson, G., Miettinen, U., Craig, S.S., Ashman, L.K., 
Ishizaka, T., Zsebo, K.M., and Schwartz, L.B. (1992) Recombinant 
human stem cell factor stimulates differentiation of mast cells from 
dispersed human fetal liver cells. Blood, 80:3009-3021. 

Kitamura, T., Tange, T., Terasawa, T., Chiba, S., Kuwaki, T., Miya- 
gawa, K., Piao, Y-F., Miyazono, K., Urabe, A., and Takaku, F. 
(1989) Establishment and characterization of a unique human cell 
line that proliferates dependency on GM-CSF, IL-3 or erythropoi- 
etin. J. Cell. Physiol., 240:323-334. 

Laemmli, U.K. (1970) Cleavage of structural proteins during the as- 
sembly of the head of bacteriophage T4. Nature, 227:680-685. 

Lerner, N.B., Nocka, K.H., Cole, S.R., Qiu, F., Strife, A., Ashman, 



L.K., and Besmer, P. (1991) Monoclonal antibody YB5.B8 identifies 
the human c-kit protein product. Blood, 77:1876-1883. 

Lev, S., Yarden, Y., and Givol, D. (1992a) A recombinant ectodomain 
of the receptor for the Stem Cell Factor (SCF) retains ligand-induced 
receptor dimerization and antagonizes SCF-stimulated cellular re- 
sponses. J. Biol. Chem., 267:10866-10873. 

Lev, S;, Yarden, Y., and Givol, D. (1992b) Dimerization and activation 
of the Kit receptor by monovalent and bivalent binding of the Stem 
Cell Factor. J. Biol. Chem., 267:15970-15977. 

Lev, S., Blechman, J., Nishikawa, S.-I., Givol, D., and Yarden, Y. 

(1993) Interspecies molecular chimeras of Kit help define the bind- 
ing site of the Stem Cell Factor. Mol. Cell. Biol., i3:2224-2234. 

Martin, P., and Papayannopoulou, T. (1982) HEL cells: A new human 
erythroleukemia cell line with spontaneous and induced globin ex- 
pression. Science, 21 6:1233-1235. 

Matos, M.E., Schnier, G.C., Beecher, M.S., Ashman, L.K., Williams, 
D.E., and Caligiuri, M.A. (1993) Expression of a functional c-kit 
receptor on a subset of natural killer cells. J. Exp. Med., 1 75:1079- 
1084. 

Mayrhofer, G., Gadd, S.J., Spargo, L.D.J., and Ashman, L.K. (1987) 
Specificity of a mouse monoclonal antibody raised against acute 
myeloid leukaemia cells for mast cells in human mucosal and con- 
nective tissues. Immunol. Cell. Biol., 65:241-250. 

Nilsson, G., Forsberg, K., Bodger, M.P., Ashman, L.K., Zsebo, K.M., 
Ishizaka, T., Irani, A.-M., and Schwartz, L.B. (1993) Phenotypic 
characterization of stem cell factor dependent human fetal liver 
derived mast cells. Immunology 79:325-330. 

Nocka, K., Majumder, S., Chabot, B., Ray, P., Cervone, M., Bernstein, 
A., and Besmer, P. (1989) Expression of c-kit gene products in 
known cellular targets of W mutations in normal and W mutant 
mice - evidence for an impaired c-kit kinase in mutant mice. Genes 
Dev., 3:816-826. 

O'Connor, C.G., and Ashman, L.K. (1982) Application of the nitrocel- 
lulose transfer technique and alkaline phosphatase conjugated anti- 
immunoglobulin for determination of the specificity of monoclonal 
antibodies to protein mixtures. J. Immunol. Methods, 54:267-271. 

Okayama, Y., Hunt, T.C., Kassel, O., Ashman, L.K. and Church, M.K. 

(1994) Assessment of the anti-c-kit monoclonal antibody YBS.B8 in 
affinity magnetic enrichment of human lung mast cells. J. Immu- 
nol. Methods, in press. 

Papayannopoulou, T„ Brice M., Broudy, V.C., and Zsebo, K.M. (1991) 
Isolation of c-kit receptor-expressing cells from bone marrow, pe- 
ripheral blood and fetal liver: Functional properties and composite 
antigenic profile. Blood, 75:1403-1412. 

Reisbach, G., Bartke, I., Kempkes, B., Kostka, G., Ellwart, J., Birner, 
A., Thalmeier, K., Mailhammer, R„ Bornkamm, G.W., Ullrich, A., 
and Dormer, P. (1993) Characterization of hemopoietic cell popula- 
tions from human cord blood expressing c-kit Exp. Hematol. , 21 :74— 
79. 

Reith, A.D., Ellis, C, Lyman, S.D., Anderson, D.M., Williams, D.E., 
Bernstein, A., and Pawson, T. (1991) Signal transduction by normal 
isoforms and W mutant variants of the kit receptor tyrosine kinase. 
EMBO J., 70:2451-2459. 

Russell, E.S. (1979) Hereditary anemias of the mouse: A review for 
geneticists. Adv. Genet., 20:357-459. 

Siegel, J.N. (1992) "Antiphosphotyrosine blotting". In: Current Proto- 
cols in Immunology, Volume 2. J.E. Coligan, A.M. Kruisbeck, D.H. 
Margulies, E.M. Shevach and W. Strober, eds. Greene Publishing 
Association, New York, pp. 11.3.1-11.3.6. 

Simmons, P.J., Aylett, G.W., Niutta, S., To, L.B., Juttner, C.A., and 
Ashman, L.K. (1994) C-kit is expressed by primitive human hae- 
mopoietic cells that give rise to colony-forming cells in stroma-de- 
pendent or cytokine-supplemented culture. Exp. Hematol. 22: (in 
press). 

Ullrich, A., and Schlessinger,,J. (1990) Signal transduction by recep- 
tors with tyrosine kinase activity. Cell, 61 :203-212. 

Valent, P., Ashman, L.K., Hinterberger, W., Eckersberger, F., Majdic, 
O., Lechner, K., and Bettelheim, P. (1989). Mast cell typing: Demon- 
stration of a distinct hemopoietic cell type and evidence for immu- 
nophenotypic relationship to mononuclear phagocytes. Blood, 73: 
1778-1785. 

Valent, P., Spanblochl, E., Sperr, W.R., Sillaber, C, Zsebo, K.M., Agis, 
H., Strobl, H., Geissler, K., Bettelheim, P., and Lechner, K. (1992) 
Induction of differentiation of human mast cells from bone marrow 
and peripheral blood mononuclear cells, by recombinant human 
stem cell factor/fciMigand in long-term culture. Blood, 50:2237- 
2245. 

Wang, C, Curtis, J.E., Geissler, E.N., McCulloch, E.A., and Minden, 



BEST AVAILABLE COPY 



554 AS"*" 

M.D. (1989) The expression of the proto-oncogene c-kit in the blast 
cells of acute myeloblasts leukemia. Leukemia, 3:699-702. 
Yarden, Y., Kuang, W.-J., Yang-Fend, T., Coussens, L., Munemitsu, 
S. t Dull, T.J., Chen, E., Schlessinger, J., Francke, U., and Ullrich, A. 
(1987) Human proto-oncogene c-kit: A new cell surface receptor 
kinase for an unidentified ligand. EMBO J., 6V3341-3351. 



ETAL. 

Zsebo, K.M., Williams, D.A., Geissler, E.N., Broudy, V.C., Martin, 
F.H., Atkins, H.L., Hsu, R.-Y., Birkett, N.C., Okino, K.H., Murdock, 
D.C., Jacobsen, F.W., Langley, K.E., Smith, K.A., Takeishi.T., Cat- 
tanach, B.M., Galli, S.J., and Suggs, S.V. (1990) Stem cell factor is 
encoded at the SI locus of the mouse and is the ligand for the c-kit 
tyrosine kinase receptor. Cell, 6*3:213-224. 



BEST AVAILABLE COPV 



